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ABSTRACT
Evaluation of the Impacts of Emergency Vehicle Signal Preemption
by
Gang Xie
Dr. Hualiang (Harry) Teng, Examination Committee Chair
Graduate College
University of Nevada, Las Vegas
Emergency vehicle signal preemptions are designed to give green light to responding
emergency vehicles by “preempting” signals as they proceed through signalized
intersections. A direct objective of signal preemption is to reduce response time for
emergency vehicle while enhancing safety. However, signal preemptions interrupt regular
signal operations and thus cause extra traffic delay to general traffic. Studies have been
conducted on evaluating the effectiveness of signal preemption from the perspective of
improving emergency vehicle response time. It has been found that these studies have been
using traffic simulation models which cannot reflect the real traffic conditions, particularly
associated with preemption. With the observational data (GPS data from paratransit
vehicles) available, this study evaluates the impact of emergency vehicle on regular traffic
and analyzes signal transition for preemption.
The impact of emergency vehicles on regular traffic is based on hypothesis tests on the
variance and mean of speeds for the general traffic under the preemption conditions versus
those under normal conditions. The results from the test on variance indicate that
significantly larger variance can be produced by emergency preemption than that in normal
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conditions which implies that general traffic in preemption would experience greater safety
risk when emergency vehicles preempt signals at intersections. The results from the test on
the mean of speed show that the speed of traffic mnning in the same direction as
emergency vehicle is lower than that in normal conditions; that in the opposite direction is
statistically the same as in normal conditions; while the traffic on crossing streets seems
running slower than in normal conditions. To derive the conditions under which
preemption can disrupt traffic less, regression analysis is conducted by which the speed in
preemption is related to the factors such as average speed and standard deviation of general
traffic in normal conditions, duration and time period of preemption, and roadway
classification where traffic is traveling on. It is found that vehicles tend to travel at relative
high speeds in preemption conditions if vehicles also run fast in normal conditions. This
observation leads to the recommendation that preemptions be provided on relative high
speed roadways. It is also found that preemption in peak periods slow down traffic which
implies that it is better to reduce the use of preemption during peak periods. Long
preemption is also found having negative impact on the speed of general traffic. Thus, the
duration of preemption should be kept to a minimum.
Signal transition is analyzed based on its characteristics including the length of
transition, number of signal cycles during transition, average cycle length in transition, and
number of short/long cycles in transition. Regression analysis is performed to relate the
speed in preemption/transition and some of these characteristics of transition. However,
none of these characteristics are found significant in impacting the speeds in preemption
conditions.

IV
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CHAPTER 1

INTRODUCTION
Emergency vehicle signal preemption involves interruption of regular traffic signal
operations to satisfy the needs of emergency vehicles to pass through intersections safely
with minimum delay. Usually a “beam of light” from an emergency vehicle is sent to the
detector system communicated with signal controller which will interrupt the signal phase
and duration according to a pre-defined signal timing plan. When the signal facing the
emergency vehicle is red, to satisfy safety requirements for vehicles and pedestrians, the
green signal for the crossing street will continue up to a minimum green time before it
gives the green to the direction from which the emergency vehicle is coming. If the signal
facing the emergency vehicle is green, this green time will be extended for the emergency
vehicle. After the passage of the emergency vehicle, if a signal is coordinated with other
signals, this signal will be operated for a transitional period during which the signal phases
and durations are provided based on a certain mechanism. After this transition period, the
signals at the intersection would be operated under a regular signal timing plan. Figure 1-1
shows the changes of signal phases and durations during preemption, transition, and
regular operations after the preemption.
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Figure 1-1 Illustration of Signal Preemption, Transition and Normal Cycle

Most traffic controllers have several signal timing strategies to select from for the
transition to the normal operation of the coordinated traffic signal timing plan. These
strategies would result in different lengths of time for transition. The number of signal
cycles included in transition period and the length of the cycles vary depending upon the
strategies actually adopted in real time. The following is a summary of the most commonly
available traffic signal transition strategies which are introduced by Shelby et al. (2006)
and Hohen et al. (2007), while different vendors or software may have different
terminology for these strategies. Dwell is a strategy that is implemented by keeping a
signal in the coordinated phase until the controller is in sync, and then the signal proceeds
with coordinated timing plan for normal conditions. The Max Dwell strategy maintains
green light dwelling in the coordinated phase until it either reaches preset maximum dwell
limits or extends to a coordination phase. According to the dwell limit preset in the
controller, it may take one to several transition cycles for a signal to return to the
coordination condition. Add strategy adjusts offset by increasing signal cycle. In this

2
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strategy, usually all the phases will be lengthened in proportion to their splits. For each
transition cycle using the Add strategy, the maximum amount of additional time is
typically constrained to a specified percentage of the cycle length. Subtract is another
strategy that corrects the offset, not by extending, but by shortening signal cycle (typically
all phases). The cycle length deduction is constrained to minimum green time, pedestrian
crossing time, and an allowed decrease in the cycle length. Another strategy is called by the
names of Smooth, Shortway or Minimax. In this strategy, either the Add or Subtract
strategies will be implemented according to whichever method gets into synchronization
earlier.
It can be observed that emergency vehicles adapt to the real traffic situations differently.
Correspondingly, the traffic in these traffic situations may experience traffic turbulence in
different extents. Sometimes, an emergency vehicle cannot reach to the downstream
intersection with a green signal provided, since traffic in front of the emergency vehicle
may not have space to make room for it. In this case, the emergency vehicle may have to
cross the median and travel into the lane in the opposite direction. After it gets around the
traffic in the front, it would return back to the direction it traveled at originally. This case
may happen during the peak period when traffic is heavy. During the off-peak period when
traffic is light, traffic downstream of emergency vehicle would make room for the
emergency vehicle. Some vehicles may trail the emergency vehicle running through the
downstream intersection at high speeds. The vehicles which are upstream of an intersection
and give way for the emergency vehicle may miss the green phase and thus have to wait for
the next cycle and experience higher delays. Those vehicles downstream of an intersection
would also make room for the emergency vehicle and thus incur delay for slowing down. It

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

is conceivable that the traffic in the opposite direction doesn’t need to make room for the
emergency vehicle, and thus it may not experience delay. Intuitively, the signals for the
traffic at crossing streets would always be disrupted by either having green time short or
incurring longer red time. The traffic on crossing streets may incur substantial delay.
Noticeably, vehicles may slow down not only when signals are preempted, but also
incur delay during the transition period recovering back to the coordinated signal operation
conditions. The amount of delay would then be influenced by the characteristics of signal
transition strategies. As a mle of thumb, traffic delay can be reduced with a long signal
cycle provided when traffic is in congested conditions. It is worthwhile to know whether it
is the same for operating signals in transition periods.

1.1 Problem Statement
Significant time may be required for traffic signals to recover back to regular operation
after a preemption. If there are many preemptions triggered by emergency vehicles at an
intersection for a day, the chance for the intersection to be operated under regular signal
cycles would be very small. For example, in Clark County of Southern Nevada, it is
reported that some signals have as many as 400 emergency preemptions in a week (Kaseko
and Teng 2005). Given the additional requirements for signal transition time recovering
back to coordination from preemption, signals at these intersections may have small
chance to operate regularly. Thus, there is a need to investigate the conditions (e.g., time
periods and roadways where intersections are located) under which preemption can be
used without disrupting regular operations and causing traffic delay significantly.
Intuitively, such an investigation can be achieved by conducting an impact study in which
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the performance measures such as speeds in preemption and normal conditions can be
compared and then related to factors representing the conditions such as time periods and
locations of intersections. The significant factors identified can be recommended for
consideration. It is also beneficial to evaluate the transition strategies that would result in
minimum traffic delay. When the best conditions for implementing preemption are
recommended, it would be the best to recommend the best transition strategies
correspondingly.
Many studies have been conducted on the impact of signal preemption for emergency
vehicles. Some of these studies employed the hardware-in-the-loop (HITL) based
microscopic traffic simulation models. In this approach, an interface device called
Controller Interface Device (CID) is used to communicate between simulation software
and the actual signal controllers. These studies usually focus on quantifying the impact of
different transition algorithms implemented in a signal controller for signal preemption. In
these studies, selected segments in a corridor were usually simulated for specific scenarios.
It has been noted that none of the simulation software used in these studies can model the
driving behavior of emergency vehicles on the road responding to emergencies and the
reaction of other vehicles to them. This weakness in the simulation software adopted in
these studies may not validate their results.

1.2 Study Expectation
The study presented in this thesis is to investigate the conditions for providing
preemption and the preemption transition strategies that can reduce traffic turbulence to a
minimum. The investigation is conducted through evaluating the impact of signal
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preemptions and signal transition strategies on the traffic conditions. Instead of using
simulation, this study utilizes the data of a global positioning system (GPS) installed on
paratransit vehicles in the Las Vegas area in Southern Nevada. Paratransit vehicles involve
less number of stops in their journeys than regular buses, and thus are viewed to behave
similarly as regular traffic, particularly from the perspective of responding to emergency
vehicles. Since the GPS data of the paratransit vehicles can be kept in record, they can be
processed to derive speed and travel time data for the roadway segments where they
traveled. With the data recording the time and places for preemptions available, the derived
speed and travel time data can be identified whether they are associated preemptions.
Based on the speed data extracted from the GPS data and the identification of them to be
connected with preemptions, hypothesis tests can be performed to compare the means and
variances of the speeds of general traffic during the preemption and normal conditions. The
results from testing whether the variance of speed in preemption is greater than that in
normal conditions can verify the turbulence of traffic caused by emergency preemptions,
which would have certain implication for safety. The test on whether the mean of speeds
change significantly will answer the questions about the overall impact of preemptions on
the mobility of traffic. Regression analysis can also be performed to identify the factors
that influence the speeds in preemption conditions. The identified factors will then be used
in determining the locations and time periods that emergency preemptions will be
recommended for application.
The evaluation of signal transitions can be based on analyzing the characteristics of
signal cycle in transition which include transition duration, cycle length, and the number of
cycles. The data for these characteristics can be extracted based on signal event log data
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and signal phase log data. From the signal phase log data, the actual signal phase and their
duration data can be extracted. With the data on preemptions, whether these signal phases
are provided in the preemption conditions can be determined. These signal phase data can
then be used to derive the data for the characteristics in transition such as transition
duration and cycle length. With the data for the characteristics of signal operations in
transition, an analysis can be performed based on their statistics connecting with different
strategies for signal transitions. The speeds in preemption with identified transition
characteristics can be compared with those in normal conditions through a regression
analysis. In the regression analysis, variables representing the characteristics of signal
transition can be included with other variables that could influence the speeds in
preemption. From the results of the regression analysis, the transition characteristics
significantly influence the speed in preemption can be identified. The identified
characteristics coupling with other factors can be used to develop recommendations for
practice.
This thesis contains five chapters. The first chapter provides an introduction to the
problems to be addressed in this study, and describes the approach taken to conduct the
analysis. In the second chapter, a literature review is provided on previous studies about the
practice and policies adopted in other cities in the United States and the studies using
hardware-in-the-loop simulation technique. The third chapter presents the methodology to
evaluate the impact of preemptions on traffic operations and to assess the signal transition.
In the fourth chapter, the data collection effort is described including the data source, the
assumptions used in extracting data, and the validation of some data. The fifth chapter
presents the analysis of the data extracted from different data sources. The implications of
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the results are also included in this chapter. The last chapter provides conclusions for this
study. Recommendations on preemptions are developed in this chapter. Further study
needs are also identified correspondingly.
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CHAPTER 2

LITERATURE REVIEW
2.1

Existing Practice and Policies on Emergency Vehicle Signal Preemption

The emergency vehicle preemption policies and guidelines are a set of standards or
rules for jurisdictions or agencies to follow when they design, install, operate, and maintain
preemption systems. General speaking, “signal preemption technologies preempt normal
cycles of traffic signals at intersections in order to facilitate the safe and fast passage of
emergency vehicles.” (Collura et al. 2001) These technologies were made available to
emergency agencies more than twenty years ago. Thus, many of the agencies have already
been equipped with preemption systems which consist of either hardwired or wireless
technologies. Gifford et al. (2001) surveyed different stakeholders in the Washington D C.
region for their views and requirements for emergency vehicle signal preemption. The
survey indicates that emergency preemption is strongly supported by emergency personnel
in the region. However, they had concerns about the effect of multiple preemptions in a
short time period as multiple units respond to an emergency. They were also concerned the
safety issue because of shortened and irregular cycles of signals and increased traffic
congestion caused by signal preemption. Another safety problem they perceived was that
emergency personnel might come to relying too much on preemption technologies instead
of having care and precautions that they had with no these technologies. On the other hand,
they realized that preemption may not actually reduce response times if they pass through
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intersections with the same precautions as they had with these technologies. Emergency
response personnel strongly opposed system-wide preemption. By the time o f the study in
Gifford et al. (2001), choosing intersections for allowing preemption was primarily based
on either the congestion level or their locations in fire truck routes. It was recommended
that selection of intersections as candidates should also consider the specific problems or
needs that emergency agencies had.
The survey undertaken by Virginia Department of Transportation (VDOT) (1997) not
only focused on the case in Virginia, but also was based on traffic agencies nationwide (50
agencies in 17 states). Ninety-four percent of the agencies have at least one type of
preemption system. From the agencies’ answers about the policies and guidelines for the
use of preemption by emergency vehicles, the survey revealed that a majority (72%) of
agencies stated the usefulness of the guidelines and policies; however, only 36% had such
policies. There were 66% of the respondents who stated that there was no preemption
abuse by emergency personnel. The fire department was the top advocator for installing
preemption in this survey; local officials were ranked the second showing their interest. As
for the question whether signal preemption disturbs regular operation for coordinated
signals, the answers from 36% of the responses were positive; while 22% hold negative
opinion; and the rest either were uncertain about this problem or skipped the question.
Most important of all, the survey observed that most of jurisdictions (82%) had not done
any post-operation analysis of the effectiveness of preemption.

10
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2.2 Previous Studies on Impact of Signal Preemption
Although the issues related to the impacts and performance of emergency vehicle
signal preemption (EVSP) have been the subject of interest and discussion within and
outside the traffic community, the studies on them are rather limited. Lack of such studies
is partly due to the inability or limitations of current traffic simulation software in
simulating signal preemption, both in terms of the implementations of appropriate signal
timing responses, as well as the dynamics of vehicle interactions during EVSP. However,
recent developments in the use of “hardware-in-the-loop” (HITL) simulation have
increased the potential for conducting such studies. It is because that HITL simulation
allows the integration of actual traffic signal controllers with simulation software in traffic
simulation studies.
A case study where HITL was employed was reported by Nelson and Bullock (2000).
This study investigated the impact of emergency vehicle signal preemption on closely
spaced arterial traffic signals. This study modeled a network consisting four coordinated
intersections on SR 26 which is a principal arterial on the East side of Lafayette, Indiana,
and designed seven emergency vehicle paths and three different transition algorithms (i.e.,
smooth, add, and dwell). The designed simulation scenarios considered different time
periods (i.e., midday and afternoon peak hour), each is associated with different traffic
volume and numbers (one to three) of preemptions. The results show that the impact of one
single preemption on the overall travel time and delay for the modeled network was
minimal. Eor most scenarios, the impact of preemption was the least for the arterial and
crossing streets when implementing the smooth transition strategy. The impact of
preemption was more severe when multiple preemptions were called in a short time. On

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

average, the most severe impact is 20-30 second increase on arterial travel time. In this
study, the following key factors were found affecting the impact of emergency vehicle
signal preemption: (1) distance between intersections; (2) transition algorithms; (3)
saturation of intersection; (4) duration of preemption; (5) amount of slack time available in
each signal cycle. There are similar findings in the study by Bullock, et al. (1999).
A recent study conducted by Yun et al. (2007) evaluated various preemption strategies
for the case where an emergency vehicle arrives at a single approach on a
coordinated-actuated traffic signal system. Since it is impractical to conduct field test of
various preemption strategies, this study is also based on HITL simulation using four 170
controllers. The roadway section in their study is at an urban corridor including four
coordinated-actuated signals along Lee Jackson Memorial Highway in Chantilly, Virginia.
Different scenarios consisting of various number of cycles and different sequences of
phases for crossing streets were evaluated. Their results have both similar and different
findings comparing with those of Nelson et al. (2000). For example, they confirmed that
Shortway (Smooth) transition performed the best, especially with two or three cycles.
However, they found that even a single preemption call could cause significant increases in
delays and travel times. They also suggested that the order of signal phases should be taken
into account when developing transition strategies. By doing it, the impact of emergency
vehicle signal preemption may be more alleviated because more diversity of actual traffic
situation can be considered.
A macroscopic model applying cell transmission theory and hydrodynamic theory of
traffic flow is proposed by Casturi et al. (2000) to assess the impact of emergency signal
preemption on traffic delay. To mimic pullover effect of the general traffic in response to

12
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an emergency vehicle, a moving block representing a capacity reduction factor was
developed in the model. To test the model, a simple network of a one-lane, one-way street
with three intersections was constructed and five test scenarios of different frequencies of
emergency vehicles and headways were designed. The signal preemption impacts on the
general traffic, especially that on crossing streets, were evaluated.
Since some of the techniques used in assessing traffic signal priority (TSP) are very
relevant to signal preemption for emergency vehicles, reviews of these efforts are also
included in this section. General speaking, TSP is a technique to improve the reliability of
transit service by providing prioritized signal operations at chosen intersections when
transit vehicles are off schedule. According to the introduction by ITS America (2002), one
major difference between TSP and signal preemption is that TSP attempts to facilitate the
movements of transit vehicles crossing signalized intersections by adjusting normal signal
operation plan while preemption is to interrupt the normal signal operation. Usually, TSP
has little or minor impact on normal traffic and signal timing plan. Contrary to the TSP,
signal preemption has greater impact on the normal traffic and has more difficulty in
recovering the normal signal timing plan from special plan.
Kiel and Ayman (2001) studied Metro Area Transit (MAT), which serves the areas of
Moorhead, MN and Fargo and West Fargo, ND. In the study by Kiel and Ayman (2001),
several TSP strategies were evaluated in a small-medium size urban area. Compared to
large cities, the studied Metro area has fewer riders, thus is provided with less frequency of
buses (longer headway). It was reported that traffic congestion caused riders missing
connections at transfer stations and may increase the total travel time as long as one hour
during peak periods. VISSIM was used to model several bus routes in a downtown region
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of Fargo, ND to investigate the impact of TSP on traffic and transit operations. Side street
person-delay, network person-delay, and bus travel time, are used as the main MOFs. They
are estimated in several scenarios consisting of the combination of green extension and
early green recall, existing 30-minute and reduced 15-minute bus headways, and two
traffic peak periods in the afternoon. Simulation results showed that bus travel time is
saved as high as 14% potentially; bus stopped delay is decreased as much as 38%; however
side-street person-delay is increased as much as 14% during the afternoon peak.
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CHAPTER 3

RESEARCH METHODOLOGY
3.1 Hypothesis Analysis of Speeds in Preemptions
To study whether signal preemptions have any impact on traffic conditions, F-test is
performed first to test on whether the variances of the speeds in preemption and normal
conditions are the same. One reason for this test is that it has been perceived that some
vehicles may speed up by trailing emergency vehicle, and other vehicles may slow down
by having to give their ways to emergency vehicles. Due to this observation, it can be
speculated that the variance of vehicle speeds may be increased by emergency preemption.
Secondly, the formulas for testing the change in the mean of the speeds with and without
preemption are determined based on the result of the F-test.
The variances of the speeds can be tested first for different locations of the general
traffic relative to the path of an emergency vehicle. Roughly, three traffic locations were
considered in this study: (1) the traffic is on the same direction of emergency vehicles, (2)
the traffic in on the opposite direction of emergency vehicles, and (3) the traffic is on
crossing streets.
In addition, F-tests are also performed for the variance of speeds considering the way
by which the speed data are extracted. In this study, paratransit vehicles are viewed as
representative of regular traffic, and thus their speeds are treated representative for the
speeds of regular traffic. Whether a paratransit vehicle can be viewed as part of traffic
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influenced by preemption depends on the arrival or departure time of the paratransit
vehicle at an intersection relative to the starting and ending time of a preemption. Since the
arrival or departure times of paratransit vehicles at intersection are estimated based on the
GPS data at discrete locations over their paths, the estimation may contain errors. In other
words, the actual arrival or departure times of paratransit vehicles may be earlier or later
than the time estimated. By considering a time period, which is called buffer in this study,
extended after the ending time of a preemption, the chance to include the paratransit
vehicles that are actually influenced by preemption can be increased. Another reason for
adding a buffer after the end of preemption is that there usually is a transition from a
preemption to regular operations, during which regulartraffic would also be influenced. In
this study, F-tests are performed for the variances of speeds that are derived with the
consideration of different sizes of the buffers. With the increase of the size for the buffer,
the number of speed samples influenced by preemptions would be increased
correspondingly. In this study, by showing the results for various sizes of the “buffer”,
conclusive conclusions may be derived.
In performing the F-test, the null hypothesis is that there is no significant difference
between the variances of the speeds when there are preemptions and the variance of speeds
when there is no preemption. The alternative hypothesis is that the variance under
preemption is greater than that under no preemption conditions. These two hypotheses can
be written as:
.f/o : (7* = CTr

(3 1)

f /, : cr#

(3.2)
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where

and cjp are standard deviation of speeds in the normal and preemption

condition, respectively.
The F-test statistic can be written as
vF = 1 /;

where

(3.3)

and V j are the sample variances in normal condition and preemption,

respectively. The more this ratio deviates from 1, the stronger the evidence is for unequal
population variances. The significance level a is chosen to be 0.05. The hypothesis of the
two variances being equal is rejected if

= - — -------

F<

In this formula, n, and

(3-4)

represents the sample sizes for the traffic in normal and

preemption conditions, respectively.
After the test on the variance of speed, t-tests are performed to see whether signal
preemptions speed up (the speeds in preemption eonditions are higher than those in normal
conditions) or slow down traffic. The null hypothesis is that there is no difference between
the means of speeds in preemption and normal conditions, while the alternative hypothesis
is that there is a difference. The null hypotheses can be written as;
(3.5)

where

and S ‘" represent the averages of the speeds in the normal and preemption

conditions, respectively. The alternative hypothesis for slowing down traffic is:

(T6)
which is an upper one tailed test. The alternative hypothesis for speeding up traffic is:
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(3.7)

which is a lower one tailed test. The t-test statistic can be written as
(3.8)

where n, and

represent the sample sizes for the speeds in normal and preemptions

conditions, respectively. If the variances are tested equal in the F-test, the t-test statistic
reduces to:
f = (j)" - - ^ ' ' y ( ( T p ^ l / / % ,+ l / n J

(3.9)

where:
fj

(3.1())

The significance level a is chosen to be 0.05. The conditions for accepting these two
alternative hypotheses expressed in Equations (3.6) and (3.7) can be written as:

t < - t (m)

for a upper one tailed test ;

(3.11)

for a lower one tailed test ;

(T 1 2 )

where m represents degree of freedom that can be written as:

V«1

(3.13)

n2 y

If the variances are tested equal, then m = d f

3.2

- 2.

Regression Analysis of Speeds in Emergency Preemption

To identify the factors that influence the impacts of emergency preemption on traffic
conditions, linear regression models are developed to quantify the relationship between the
speeds in preemption conditions and the speeds in normal conditions and other factors
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associate with signal preemptions. In the linear regression model, the speeds in preemption
conditions (dependent variable) is assumed to be a linear function of one or more
independent variables, plus an error to account for all unobserved factors. This linear
function is usually written as:
+G

(3.14)

where T, represents the speed of traffic with preemption, X,- denotes factors such as the
speed in normal conditions with no preemption, and

is a random error term.

Considering the fact that some preemptions may speed up traffic while others may slow
down traffic, whether a single model is sufficient to identify the influencing factors is
explored in the analysis. Appropriate interpretations of the results are provided for the
analysis.

3.3

Analysis of Signal Transition

As introduced in previous chapters, if a signal is coordinated with other signals, after
the passage of an emergency vehicle, this signal will usually be operated for a transitional
period and then it will recover to a regular signal timing plan. During the transition, the
signal phases and durations are usually different from those in the regular timing plans.
Therefore, even after the signal preemption, the signal transition also has potential impact
on regular traffic.
In this study, signal transitions are first characterized based on the following measures:
the average duration of signal transition, the number of signal cycles in transition, the
average cycle length in transition, and the number of short and long cycles in transition.
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This characterization provides a picture of transition and possible transition strategies
implemented.
To derive the recommendations on the best transition strategies, the speeds in
preemption are related to the characteristics of transition which include the number of
cycles in transition and the average cycle length in transition. Regression models similar to
the one expressed in Equation (3.14) were developed. The characteristics of transition that
significantly influence the speed in preemption can then be identified. This identification
can then be used to derive the transition strategies that can be recommended for practice.
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CHAPTER 4

DATA COLLECTION AND PROCESSING
In this chapter, the collection of travel time and speed data is first described. The GPS
data of paratransit vehicles are the base for deriving these data. How to identify signal
preemption a is presented based on the signal event data. Signal phase duration and signal
cycle length data are derived based on signal operational data. The direction in which
emergency vehicles travel is used to determine the direction of regular traffic. It is derived
based on the signal event and signal operational data. Combined with the identification of
the preemptions, the travel time/speed data are identified whether they are associated with
preemption. With the distinction of speeds in normal and preemption data, analysis of
comparison can be conducted. The last section of this chapter introduces the collection of
data related to the characteristics of signal transition which include signal transition time,
the number of signal cycles, and the length of each cycle.

4.1 Derive Link Travel Time and Speed
4.1.1 Introduction of Paratransit
Paratransit in the Las Vegas area is a special bus system operated by the Regional
Transportation Commission (RTC) of Southern Nevada. It serves some disabled or senior
people who cannot use the Citizens Area Transit, a fixed route system, in the Las Vegas
area. Paratransit service operates 24 hours a day, and seven days a week, and it operates not
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only within the urban area but also outside the urban area as required. Due to their special
services, Paratransit vehicles have much less number of stops on their routes than the fixed
route bus services. It is quite often that paratransit stops are at some parking lots to
facilitate disabled or senior passengers getting on or off. Usually, once a paratransit vehicle
is in route, it won’t stop for picking passengers until the next stop. From this perspective,
paratransit vehicles can be viewed acting as similarly as regular traffic.
There are about 150 paratransit vehicles in the Las Vegas area. Each of them is
equipped with GPS devices for automatically recording when and where this vehicle is
located. Figure 4-1 (RTC, 2004) is a picture of a paratransit vehicle used in the Las Vegas
area.

i
Figure 4-1 Paratransit Vehicle
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4.1.2 Description of Paratransit GPS Data
The RTC provided the GPS data of paratransit vehicles (over 100 days) for this study.
These data include the ID of the vehicles, their locations represented as longitude and
latitude data with associated time and date. Table 4-1 shows a sample of the GPS data for a
paratransit vehicle with ID 1321.

Table 4-1 Sample GPS Data of a Paratransit Vehicle
Vehicle ID

Date

Time

Longitude

Latitude

1321

15-Aug-05

04:36:52

-115.182632

36.106178

1321

15-Aug-05

04:38:56

-115.182602

36.106205

1321

15-Aug-05

04:40:54

-115.182632

36.106205

i%n

15-Aug-05

04:42:54

-115.182602

36.106178

1321

15-Aug-05

04:46:49

-115.182632

36.106178

1321

15-Aug-05

04:48:41

-115.182632

36.106205

1321

15-Aug-05

04:50:40

-115.182602

36.106205

1321

15-Aug-05

04:52:03

-115.182602

36.106178

1321

15-Aug-05

04:52:16

-115.182(M)2

36.106205

1321

15-Aug-05

05:26:01

-115.183502

36.06369

1321

15-Aug-05

05:27:56

-115.1502

36.062756

1321

15-Aug-05

05:28:02

-115.14827

36.062233

1321

15-Aug-05

05:28:04

-115.147667

36.062038

1321

15-Aug-G5

05:28:06

-115.147331

36.061932

1321

15-Aug-05

05:29:52

-115.133766

36.037125

1321

15-Aug-05

05:31:03

-115.121765

36.023705

1321

15-Aug-05

05:31:05

-115.121132

36.023651

1321

15-Aug-05

05:31:16

-115.117699

36.023594

1321

15-Aug-05

05:31:19

-115.117065

36.023594

The longitude and latitude data are in decimal degrees, and the date and time are the
timestamps of the location data. Note that these GPS data do not contain any information
about the streets where the vehicles are running on. Thus, they need to be processed to
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identify their locations on streets which can then be further used to derive speeds for
corresponding vehicles on the identified streets.
4.1.3 Derivation of Road Segment Travel Time and Speed
Speed data are derived for each road segment that a paratransit vehicle traversed. In a
street system, a road segment is defined as the street block that has two intersections at its
two ends. On freeways, a road segment is referred to the uniform section with ramps at its
two ends. The following two steps are followed in processing the data: (1) identifying the
locations of GPS data points on road segments, (2) deriving travel time and speed
considering different spatial distribution of GPS data.
The locations of GPS data points on road segments are identified by first displaying the
GPS data points on a GIS map which contains the information for road segments in an area.
In this study, the street centerline data of the Las Vegas region are downloaded from Clark
County GIS Management Office (http://gisgate.co.clark.nv.us/gismo/freedata.htm). GIS
software, ArcMap, is used for the GPS data displaying and their connections with street
information. The GPS data points may not exactly overlay on street center lines on the GIS
map due to the accuracy of the GPS data. Thus, these points need to be “snapped” to the
nearest street by the spatial joint function that is available in ArcMap. In “snapping” a GPS
data point to a street, an off-road parameter 60 ft is used. A GPS point is assumed off-road
if the perpendicular distance to its nearest link is larger than 60 feet (about five lanes width).
Figure 4-2 shows the GPS data points for a paratransit vehicle with ID 1321 on August 16,
2005.

The dark dots in the figure are GPS data with identified road segments, while the gray
dots are those off the roads. The black lines connecting the dark dots are the routes that a
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paratransit vehicle runs in a day. It can be seen that this vehicle covers a significant area in
the Valley.
Given positioning the GPS data on road segments, the speeds of paratransit vehicles on
them are derived by processing the GPS data on a route sequentially in the order they are
traversed. Although ArcMap offers a tool that can trace a paratransit route based on GPS
data, it is difficult to trace all the paratransit vehicles routes automatically. Therefore, a
program is developed in this study using Microsoft Visual C++ programming language
which can perform the tracing in batches.
There are three different cases that the GPS data points on a route are distributed (see
Figure 4-3).

Network Analyst
N etw ork Analyst

c f.

S f

A

N etw ork D a ta set: ftest_ N D

Figure 4-2 GPS Data for a Paratransit Vehicle with ID 1321 on August 16, 2005
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1
1

Case 1: More than One GPS Data Point on a Road Segment between Points A and B.
A

B

Case 2.1
A

B
Case 2.2

Case 2: Only One GPS Data Point on a Segment and at least One GPS Data Point on Other
Segments of the Same Road
i

...

_

Case 3: Consecutive GPS Data Points Existing on Different Roads
Figure 4-3 Three Different Cases of Spatial Locations of GPS Data on a Route

In Figure 4-3, the dots are paratransit GPS data points; the dashed lines connecting
these GPS points by time sequence could simply show approximately the running direction
of the paratransit. In Case 1, where there is more than one GPS data point on a road
segment, the speed is calculated based on the two points (Points A and B) at each of the two
ends on the road segment. In this case, it is assumed that the speed between the two ending
points is a constant. In Case 2, the speed is also calculated based on the two points (Points
A and B) that are at the two ends on the same road, assuming that the speeds on all the
intermediate segments are the same. In Case 3, the speed is calculated for the segments that
are on the shortest path between two consecutive GPS data points (Points A and B) on
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different segments. In this case, all the intermediate segments are assumed to have the
same speed.
The A* (pronounced "A star") algorithm is employed to search the shortest path
between two consecutive GPS data points on different streets in Case 3. Given two
consecutive GPS data points, the algorithm searches for the shortest path with the distance
defined as follows:

where F (n) denotes the shortest distance from a given starting point to a given ending
point through an intermediate point (intersections or ramp terminals) n . It consists of two
parts: G ( n ) , the total distance from the starting point to the current point n , and H ( n ) ,
the estimated distance from the current point n to the ending point. Given the shortest
distance found between two GPS points on two different segments in Case 3, the speed at
which a paratransit vehicle travels on the shortest path can be calculated as v = d / t , where
d is the distance between the two GPS data points and t is the corresponding time elapsed
between them.
After processing the GPS data for all the trips included in the database, most of the road
segments would have more than one speed data available. Based on these speed data, their
mean and variances can be calculated, which can then be further categorized by time of day
and day of week. Figure 4-3 presents the average speeds for the whole Las Vegas area
during morning peak hour (7:00 am - 8:00 am). The colors from dark to light indicate the
speeds from low to high.
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Speed during Morning Peak:
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Figure 4-4 Speed Map for the Las Vegas Area during Morning Peak Hour

4.1.4 Validation of Travel Time
To validate the derived travel time and speed, the data from a travel time study (Kaseko,
2005) conducted by PBS&J (Consultant Company) were used for comparison. In the travel
time study, several testing cars were driven on the road network that covers a majority of
the major arterial corridors in the Las Vegas area. The travel times were collected during
morning peak hours, afternoon peak hours, and off-peak period. Note that the travel times
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and speeds data in this travel time study are derived based on the road segments and
corridors defined in a travel demand model that is maintained by a local planning agency,
while the travel times and speeds derived in this emergency preemption study are based on
actual road segments on a GIS map which are shorter than the road segments defined in the
travel demand model. Therefore, the GIS segment-based travel speeds are aggregated for
the segments and corridors that are defined in the travel demand model. Testing whether
the aggregated GIS segment-based speeds derived in this study are equal to the speeds
collected by PBS&J is based on the following linear regression model:
ParatransiI ~ ^ ^ P B S & J

where

(4 .1)

is aggregated speeds based on paratransit vehicles in this study, and

y PBS&J is the speeds collected by PBS&J. A hypothesis test is conducted on the coefficient
b . The null hypothesis

is:
^=1

(4.2)

The alternative hypothesis is //, :
A", : 6 < ]

(4.3)

which is a lower one tailed test. The test statistics is:
Z = A l!]

(4.4)

The null hypothesis is rejected if
f (z < Z ) < «

(4.5)

where p is the P-value, z is the critical value for Z , and a is the level of significance.
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The test was conducted first for the speeds on the segments defined in the travel
demand model. The test statistics is: Z = (0.65463 - 1)/0.00224 = -154.3, p = P(z < Z) ~ 0.
Therefore, the null hypothesis is rejected given the significant level 0.01. This implies that
the speeds derived in this study are lower than those of PBS&J at the level of travel demand
links. After the test for the speeds on road segments, tests were then condueted for the
speeds on corridors defined in the travel demand model. The test statistic is: Z = (0.814585
- lyO. 008629 = -21.487, p = P(z < Z ) = 1.02x10“' “^. Therefore, the null hypothesis is

rejected given the significant level 0.01, which means the speeds derived in this study for
the corridors in the travel demand model are lower than those of the PBS&J study. To see
the discrepancies of the speeds on both the segment and corridor levels, the speed data
collected in these two studies are displayed in Figures 4-5 and 4-6.
There are several reasons for the discrepancies of the speeds derived in this study being
lower than those of PBS&J. One possibility is that the speeds derived in this study were
based on paratransit vehicles which are basically vans. This type of vehicle is usually
running at a lower speed than automobiles which were the vehicles employed in the study
by PBS&J. Another factor is the traffic conditions (i.e., normal condition) under which the
speed data were collected by PBS&J, which is required for the purpose of transportation
planning. The conditions under which the speeds derived in this study may include some
abnormal conditions, such as signal preemptions, accidents, and bad weather. In the last,
PBS&J collected their data in 2004, while paratransit GPS data used for this study were
collected in 2006. The traffic congestions in these two years may be different, which may
contribute the discrepancy of the speed data.
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Figure 4-5 Paratransit Speeds vs. the PBS&J Speeds (Travel Demand Model Segments)
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4.2

Identification of Signal Preemption

Identification of signal preemption is to find where a preemption occurs and how long
the preemption is. This information can be used to profile the frequency and duration of
emergency preemption for a particular intersection or a corridor. In addition, it can be used
to “tag” a speed on a road segment whether it is influenced by an emergence preemption,
which would provide a base to analyze the impact of emergency preemptions.
In this study, the identification of signal preemption was performed based on the signal
data file and signal event log data that were provided by the RTC. The relevant data for a
signal in the signal data file include the coordinates of signals in GIS format; the associated
intersections where a signal is located; the number and direction of signal phases; and the
streets where the signal is coordinated with other signals. The signal event log data files
contain every event recorded in a signal controller. Table 4-2 is part of signal event log data,
which include signal ID, timestamps of events, and the descriptions of the events.
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Table 4-2 Samples of Signal Event Log Data
Signal ID

D ate

Tim e

3004

18-Apr-06

11 45:14

D evice_C om m unications_C om m enced

3004

18-A pr-06

11 45:19

D evice_C om m unications_C eased

3131

18-A pr-06

11 45:22

Set_C ontroller_Pattern

3004

18-A pr-06

11 45:38

D evice_C om m unications_C om m enced

2111

18-Apr-06

11 45:42

D evice_C om m unications_C om m enced

3004

18-A pr-06

11 46:12

D evice_C om m unications_C eased

2111

18-A pr-06

11 46:17

D evice_C om m unications_C eased

3131

18-A pr-06

11 46:28

Device__Communications_Ceased

3131

18-A pr-06

11 46:28

Set_C ontroller_Pattern

3131

18-Apr-06

11 46:29

Pattem ^C hanged

3131

18-A pr-06

11 46:29

Set_C ontroller_Pattern

3193

18-A pr-06

11 46:34

R eporting_Preem pt

3131

18-A pr-06

11 46:42

D evice_C om m unications_C om m enced

3193

18-A pr-06

11 47:01

Stopped_R eporting_Preem pt

3131

18-A pr-06

11 47:30

Set_C ontroller_Pattern

3062

18-A pr-06

11 48:04

R eporting_Preem pt

3062

18-A pr-06

11 48:14

Stopped_R eporting_Preem pt

2111

18-A pr-06

11 48:32

D evice_C om m unications_C om m enced

3131

18-A pr-06

11 48:34

Set_ControIIer_Pattern

3004

18-A pr-06

11 48:59

D evice_C om m unications_C om m enced

3131

18-A pr-06

11 49:38

Set_C ontroller_Pattern

3004

18-A pr-06

11 49:51

D evice_C om m unications_C eased

3131

18-A pr-06

11 50:42

Set_C ontroller_Pattern

3004

18-Apr-06

11 51:09

D evice_C om m unications_C om m enced

18-Apr-06

11 51:27

D evice_C om m unications_C eased

3131

18-A pr-06

11 51:45

Set__Controller_Pattern

3004

18-A pr-06

11 52:14

D evice_C om m unications_C eased

3004

18-Apr-06

11 56:56

D evice_C om m unications_C eased

3131

18-A pr-06

11 57:05

Set_Controller__Pattern

3232

18-A pr-06

11 57:14

R eporting_Preem pt

2111

18-A pr-06

11 57:30

D evice_C om m unications_C eased

3232

18-A pr-06

11 57:38

Stopped_R eporting_Preem pt

3131

18-A pr-06

11 58:08

Set_Controller__Pattern

3468

18-Apr-06

11 58:19

D evice_C om m unications_C om m enced

3468

18-A pr-06

11 59:10

D evice_C om m unications_C eased

3131

18-Apr-06

11 59:12

Set_C ontroller_Pattern

2111

E vent D escription
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Among the many events that are recorded in the event log, the events
“Reporting_Preempt” and “Stopping_Preempt” are the two used in this study to determine
the occurrence and their durations of preemptions. The events “Reporting_Preempt” and
“Stopped_Reporting_Preempt” indicate that a signal is preempted or terminated at a
specific time, respectively. To derive preemption duration, a program was written to search
the signal event log for preemption events (“Reporting_Preempt” and
“Stopped_Reporting_Preempt”) occurred at an intersection. The preemption events found
for an intersection are sorted in the order of time. The program tries to match each
“Reporting_Preempt” event with the “Stopped_Reporting_Preempt” event. The
timestamps of these two events can be used to derive the duration of an emergency
preemption.
In this study, thirty seven (37) days (distributed from January to April, 2006) of signal
event log data were processed and analyzed. Among these data, some data for a day were
not complete (not for full 24 hours). It turns out that event logs can be found only for 919
signals, among which 506 signals were found having preemptions.

4.3

Derivation of Signal Phase Duration and Signal Cycle Length

Signal phase duration and signal cycle length are two important factors for
investigating the impact of signal transition strategies on traffic. They are derived in this
study based on signal phase logs that were made available to this study from the RTC.
Basically, signal phase log data contain records of each signal phase changing to green.
Table 4-3 lists a sample of signal phase log data, which include signal ID, timestamps of
events, description of the events, and their corresponding phase number.
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Table 4-3 Signal Phase Log Data Sample
Signal
ID
3033
2082

2005-08-11 06:14:59
2005-08-11 06:14:59

Phase_Vehicle_Display_Changed_To_Green
Phase_Vehicle_Display_Changed_To_Green

Phase
No
8
4

2082
3033

2005-08-11 06:14:59
2005-08-11 06:14:59

Phase_Vehicle_Display_Changed_To_Green

8

Ped_Changed„T o_ W al k

8

3190

2005-08-11 06:14:59
2005-08-11 06:14:59

Ped_Changed_T o_W alk

2
2

3190
3190
3413
3413
3209
3240
3240
3240
3240
2333
3071
4462

Event Description

Time Stamp

2005-08-11 06:14:59
2005-08-11 06:14:59
2005-08-11 06:14:59
2005-08-11 06:14:59
2005-08-11
2005-08-11
2005-08-11
2005-08-11
2005-08-11
2005-08-11

06:14:59
06:14:59
06:14:59
06:14:59
06:14:59
06:14:59

Phase_V ehicle_Display_Changed_T o_Green
Phase_V ehicle_Display_Changed_T o_Green
Phase_Vehicle_Display_Changed_To_Green

5
1

Phase_Vehicle_Display__Changed_To_Green

5

Phase_V ehicle_Display_Changed_T o^Green
Phase_Vehicle_Display_Changed_To_Green
Phase_Vehicle_Display_Changed_To_Green

8
4
8
4

Ped_Changed_T o__Wal k
Ped_Changed_T o_W al k
Ped_Changed_To_ Wal k
Ped_Changed_To„W alk

8
2
4

Phase_V ehicle_Display_Changed_T o_Green
Phase^V ehicle_Display_Changed_T o„Green

4

3152

2005-08-11 06:14:59
2005-08-11 06:14:59

3152

2005-08-11 06:14:59

2333
3071

2005-08-11 06:14:59

Phase_V ehicle_Display_Changed_T o_Green
Phase_V ehicle_Display„Changed_T o_Green
Phase_Vehicle_Display_Changed_To_Green

7
2
4

2389
2233

2005-08-11 06:14:58
2005-08-11 06:14:58

Phase_Vehicle_Display_Changed_To_Green

6
2

2233
2027

2005-08-11 06:14:58
2005-08-11 06:14:58
2005-08-11 06:14:58

244.9
2449
2027
5083
5083

2005-08-11 06:14:59

Phase_V ehicle_Display_Changed_T o^Green
Phase_Vehicle_Display_Changed_To_Green
Phase_Vehicle_Display_Changed__To_Green

2005-08-11 06:14:58

Phase_Vehicle_Display_Changed_To_Green
Phase_Vehicle_Display_Changed_To_Green

2005-08-11 06:14:58
2005-08-11 06:14:58
2005-08-11 06:14:58

Ped_Changed_T o__Walk
Ped_Changed_T o_W alk
Phase_V ehicle_Displ ay_Changed_T o_Green

3

5
6
1
6
6
8
8

From Table 4-3, it can be found that the signal phase log only records the time of events
that phases change to green, not the events that change to yellow or red. Therefore, the
duration of green phase cannot be derived directly from the data. It can be derived only by
looking at the time that conflicting phases change to green. To extract a sufficient sample
of data, it is not feasible to derive the signal phases and cycle durations manually. Thus, a
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computer program was written to automate the data extraction. Because it is difficult to
determine which phase is conflicting for intersections with more than four legs, this study
only focused on four-leg intersections, which are very typical (694 out of 919) in Las
Vegas.
Specifically, the signal phase duration is derived by first searching for the event
“Phase_Vehicle_Display_Changed_To_Green” for each signal/intersection and ordering
them by the time they occurred. For each signal phase that changes to green, the event list
is sought for the next conflicting phase. The time elapse between these two events is the
phase duration. For example, as shown in Figure 4-7, Phase 1 (NBL) has at least five
conflicting phases (the arrows marked with “x”). After the time that Phase 1 changes to
green is found, “Phase_Vehicle_Display_Changed_To_Green” can then be sought for
these five conflicting events. Among these five conflicting events, the one changing its
green latest is determined to be next event, and the time difference between these two
events is estimated as the green time for Phase 1.

I

I
Figure 4-7 Conflicting Signal Phases Illustration
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It is noted that the phase duration derived in this way also includes the time for yellow
and all-red because the signal phase log data don’t contain any yellow phase information.
However, this problem wouldn’t affect the derivation of signal cycle length and transition
which are the focuses of this study.
In this study, signal cycle length is the time that elapses between two successive
coordinated phases. In theory, any phase can be used to derive the cycle length. Practically,
the coordinated phase won’t be omitted in cycling and its ending time is fixed. Thus, it is
chosen to calculate cycle length in this study. Figure 4-8 shows several signal cycles at
Signal 2002. The cycle length is 120 seconds. The coordinated phase is Phase 4, which is
labeled with gray color.

C y cle k-1

C y cle k

C y cle k+1

120 s

120 s

r
120 s

Figure 4-8 Samples of Signal Cycles at Signal 2002

It can be seen from the figure that Phase 4 is the coordinated phase which can be
recognized by its periodical appearance in each cycle. In the program for calculating cycle
length, signal phases are sorted first by time sequence for identifying the coordinated phase.
Signal cycle length is then calculated as the difference of the ending times between two
consecutive coordinated phases.
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4.4

Derivation of Traveling Directions for Emergency Vehicles

Knowing the direction in which an emergency vehicle was traveling is important since
regular traffic in different directions relative to the emergency vehicle may be influenced
differently. For example, it is perceived that preemptions may have more impact on the
traffic on crossing streets than traffic running the same direction or opposite direction. The
vehicles trailing emergency vehicles may follow emergency vehicles closely and thus run
at the same speed as these emergency vehicles. However, the information on the direction
is not available immediately in any existing files (e.g., the signal event log, and the signal
phase log). In this study, this information was derived based on the information included in
the signal event logs and the signal phase logs by following the procedure illustrated in
Figure 4.9.

Sort Signal Preemptions by Time Order

Aggregate Signal Preemption by Established Rules

Derive EV Route by Sequential Preemptions

Identify Preemption Directions

Figure 4-9 Derivation of the Routes for Emergency Vehicles

The first step in the procedure is to identify the signals that are on the path followed by
an emergency vehicle. To identify these signals, the preemptions in the signal event log,
regardless of the intersections where they are triggered, are sorted in the order of time.
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These sorted preemptions are screened so that the preemptions triggered at different
intersections in one emergency trip can be determined. The screening of the sorted
time-ordered preemptions is carried based on the following rules:
(1) Heading-direction rule: If the heading direction derived based on two consecutive
preemptions at different signals shifts a large degree (e.g., 180 degrees) from the last
heading direction, these two preemptions are viewed not triggered by one emergency
vehicle. It is because emergency vehicles usually run the shortest paths which don’t change
direction in the middle significantly. Also, the heading direction should not be opposite to
or deviating dramatically from the main direction of heading. In the data processing, the
range of direction shifting is set as a parameter which can be adjusted. When applying this
rule of heading direction, the direction derived for emergency vehicles are also verified
with the green phases of signals that are triggered during preemptions. It is observed that
multiple signals (either south bound and north bound or west bound and east bound) at one
intersection would be triggered simultaneously. This simultaneity can help verify whether
the heading direction is obviously off the line. It is also recognized that the simultaneity
cannot be used alone as a rule to determine the heading direction. Sometimes, more than
two signal phases at an intersection are triggered so that it is difficult to tell which direction
an emergency vehicle goes. However, these triggered signals do help narrow down the
direction of heading.
(2) One-preemption-one-signal rule: If two consecutive preemptions occur at the same
signal, they are not viewed as being triggered by one emergency vehicle. It is due to the
fact that one emergency vehicle will not preempt a signal twice in very short time period.
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(3) Emergency-vehicle-speed rule: Emergency vehicles could not run extremely fast or
slow. If the speed derived for an emergency vehicle by the space and time intervals of two
consecutive preemptions is too high, for example, 120 mph, it is assumed that these two
preemptions are not triggered by one emergency vehicle, because no emergency vehicle
could run that fast in an urban area. The speed threshold is set as a parameter which could
be adjusted according to different situations. Also, the emergency vehicle couldn’t run too
slow for a long distance. It is recognized that an emergency vehicle could be stuck in traffic
jam, but the time and distance might not be too long. The lowest speed parameter is set as
15 mph and the distance parameter as 2000 feet.
(4) Spatial Rule: If the distance between two consecutive preempted signals is larger
than one mile, these two signals are not viewed as being triggered by one emergency
vehicle, since most of the distances between two adjacent signals are less than one mile in
the Las Vegas urban area. In the computer program, the maximum distance between two
consecutively triggered signals is set as one mile, which could be adjusted if needed.
(5) Temporal Rule: Relative to the time the first preemption is triggered on a path of an
emergency vehicle, the next preemptions shouldn’t be too late. It is due to the observation
that emergency vehicle preemption at different intersections in urban areas are rarely far
apart, and correspondingly the time elapsed between two consecutive preemptions should
not be too long. The threshold set for maximum time interval between two consecutive
preemptions is 20 minutes. A threshold is also set for the response time for an emergency
vehicle, which is 30 minutes. Both parameters could be adjusted if needed.
Based on the applications of these rules, signals that are triggered by an emergency
vehicle in an emergency trip can be identified. These identified signals can then be used to
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derive the route that the emergency vehicle follows. The same shortest path algorithm (A*
algorithm) adopted for estimating the paths for paratransit vehicles was used for deriving
the route followed by emergency vehicles. With the route derived for the emergency
vehicle, the directions of emergency vehicles at intersections can be determined, and then
the locations of general traffic relative to the emergency vehicles can be decided
correspondingly.
Data processing in this study indicates that most of the preemptions in the signal event
logs could be identified to associate with a trip made by an emergency vehicle. For
example, on April 18, 2006,1261 out of 1979 preemptions are associated with 448
emergency trips. There could be some isolated signal preemptions which could not be
connected with any emergency trips. Thus, the heading direction is undecided for these
preemptions. It is worthwhile to point out that the heading directions identified using this
procedure may cause errors.

4.5 Identification of Travel Time/Speed Impacted by Emergency Vehicles
In this thesis, the speed at which general traffic run in normal conditions is defined as
the speed derived based on the paratransit vehicle running in the traffic conditions with no
interruption by signal preemption, while the speed in preemption is defined as the speed
when there is a signal preemption at an intersection.
It is perceived that the extent of impact of emergency preemptions on travel time/speed
varies dependent upon the relative location of general traffic (i.e., paratransit vehicles in
this study) to an emergency vehicle. Figure 4-10 illustrates five different scenarios that can
be found from the data for a paratransit vehicle running into signal preemptions: (1 ) a
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paratransit vehicle runs in the same direction as the emergency vehicle; (2) a paratransit
vehicle runs against the direction of the emergency vehicle; (3) a paratransit vehicle mns
on a crossing street; (4) a paratransit vehicle runs into a preemption condition at the
beginning intersection on a path followed by an emergency vehicle. In this case, the
direction at which the emergency vehicle is traveling is not certain; and (5) a paratransit
vehicle runs into a preemption condition at the ending intersection on a path followed by an
emergency vehicle. The traveling direction is not known for this emergency vehicle; (6) a
paratransit vehicle runs into an “isolated” preempted intersection for which other
connected intersections are not preempted. The direction of the emergency vehicle is not
certain either in this case. These six scenarios are coded differently in Table 4-4, each with
two situations in terms of whether a paratransit vehicle is arriving at or departing from an
intersection. The first digit (1, 2, 3, 4, 5 or 6) indicates the six situations described above,
while the second digit (0 or 1) denotes the two situations (i.e., arriving or departing).

Code 40 and 4! could
be on any link except
the EV route

Code 50 and 51 could
be on any link except
the EV route

Code 40

Code 50

Code 30

OIL

Code i31

Code 41

Code 21
faV Route

Begin 01
EV Route

\

Paratransit

EV Route

End ot EV
Route

Preemption Impact

Figure 4-10 Illustration of the Impact by Signal Preemption
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/

Table 4-4 Impact Code
Simplified
Impact
Code
1
2
3
4
5
6

Impact
Code
10
11
20
21
30
31
40
41
50
51
60
61

Meaning
A paratransit vehicle runs the same direction as an
emergency vehicle
A paratransit vehicle runs in the opposite direction as an
emergency vehicle
A paratransit vehicle runs on a crossing street
A paratransit vehicle runs into a preempted intersection
that is the start of the path of an emergency vehicle
A paratransit vehicle runs into a preempted intersection
that is the end of the path of an emergency vehicle.
A paratransit vehicle runs into an isolated and preempted
intersection

Whether a paratransit vehicle (and the regular traffic it represented) is influenced by an
emergency preemption is determined based on whether the vehicle arrives at or departs
from an intersection within a certain time period after the start of an emergency preemption
at the intersection. To do it, the arrival and departure times are calculated for each
paratransit vehicle at any intersection where a preemption occurred, based on the travel
time/speed derived in this study. These arrival and departure times are compared to see
whether they fall in a time range after the start time of a preemption. This time range
consists of the duration of a preemption and a “buffer” time period that extends after the
end of the preemption. This “buffer” time period varies from zero to six minutes. Six
minutes is used because the signal transition after a preemption could last about six
minutes in maximum. The travel time/speed derived previously would be labeled as being
influenced if the calculated arrival or departure time for the paratransit vehicle is in this
time range.
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In this study, the GPS data, signal event log data, and signal phase log data are
collected from different agencies for this study, each containing different days of data. It
was found that they are all available for April 18 and 19, 2006, May 25 and 30, 2006, and
June 1,12, and 13, 2006. Thus, the samples of speeds data from these seven (7) days are
processed to identify speeds influenced by signal preemptions. The “buffer” is set to zero,
one, two, three, and six minutes. Since the directions of paratransit vehicles are not known
for Scenarios 4, 5 and 6, only Scenarios 1, 2, and 3 are investigated in this study. Table 4-5
shows the summary of sample size each day for the speeds influenced by preemptions. The
heading “All” in the table indicates that all six scenarios are included; the headings “Code
1, 2, 3” denote that only Scenarios 1, 2, and 3 are considered.

Table 4-5 Summary of Speeds Sample Size

Date

04/18/06
Tuesday
04/19/06
Wednesd
ay
05/25/06
Thursday
05/30/06
Tuesday
06/01/06
Thursday
06/12/06
Monday
06/13/06
Tuesday
Total

Time Range

Speeds
Sample
(influenced
+ not
influenced)

All

103,994

17

10

52

29

110

110,567

26

10

60

26

92,576

14

7

35

8^,331

22

10

94,915

22

83 J 9 2

Duration
+ 0 min

+ 1 min

+ 2 min

+ 3 min

+ 6 min

All

Cod
e
1,2,3

All

Cod
e
1,2,3

62

175

91

317

150

143

70

217

100

386

181

17

70

34

135

61

301

129

47

21

87

35

127

56

269

125

12

56

37

99

66

150

99

278

171

19

7

40

13

94

34

139

53

301

135

89/Ü 3

18

11

43

22

86

39

120

57

221

105

664,818

138

67

333

165

689

340

1063

517

2073

996

Code

All

Code

All

Code
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To compare speeds in preemption and normal conditions, they are plotted using
popular software and shown in Figure 4-11,4-12, 4-13,4-14, 4-15, each with different size
of “buffer” (0 minutes, 1 minute, 2 minutes, 3 minutes, and 6 minutes) considered. Fach
speed data point in the figures is calculated as the average of the speeds in preemption and
normal conditions, respectively. The average speeds are calculated based on all the
samples of speeds on a road segment, representing normal and preemption conditions in
the same hour of day. The Y-axis is the speed influenced by preemption; the X-axis
represents the speed in normal conditions. The diagonal lines on the plots show the
deviation of the speed in preemption from that in normal conditions.
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Figure 4-11 Comparisons of Speeds in Normal and Preemption Conditions (no “buffer”)
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Figure 4-12 Comparisons of Speeds in Normal and Preemption Conditions
(One Minute “Buffer”)
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Figure 4-13 Comparisons of Speeds in Normal and Preemption Conditions
(Two Minute “Buffer”)
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Figure 4-14 Comparisons of Speeds in Normal and Preemption Conditions
(Three Minute “Buffer”)
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Figure 4-15 Comparisons of Speeds in Normal and Preemption Conditions
(Six Minute “Buffer”)

4.6

Deriving the Characteristics of Signal Transition

Different transition strategies may result in different transition times for a signal to
return to coordination. In a study by Yun et al. (2007), transition time is defined as the time
interval between the ending time of a clearance or a free phase after an preemption to the
beginning of the first coordinated cycle, as shown in the Figure 4-16.
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First C yde during Transition (Cyde Length of 236 sec

Figure 4-16 Illustration of Start of Transition Defined by Yun et al. (2007)

Since there is no information about the clearance time (red box in Figure 4-16) for the
preemptions in the signal operation data available to this study, the signal transition time
(duration) in this study is defined as the time that elapses between the end of preemption to
the beginning of the first coordinated cycle (see Figure 4-17, a repeat of Figure 1-1). The
difference between the definition in Yun et al. (2007) and that in this study is about the
beginning of the transition time.
The method used in this study to derive signal transition time is to identify the cycle
which is preempted and the cycle length in transition. The identified cycle length in
transition is then compared with the cycle in normal condition before signal preemption. It
was observed from the data that the identified cycles in transition are longer or shorter
substantially ( ± 5 seconds in this study) than the average normal cycle length before signal
preemption. Figure 4-17 shows that the transition time is 55+110=165 seconds; and the
number of transition cycles is one.
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Figure 4-17 Illustration of Signal Preemption, Transition & Normal Cycle

A program was written in this study to automate the identification of transition cycles,
the calculation of the transition time and the counting of the number of transition cycles. In
addition, a different module of the program was also developed to represent signal
preemption and transition cycles by labeling preemptions and showing the phases of green
lights over an extended period of time. This program can also show the operations of
several signals on one screen which provides aid in visually verifying the identified
transition. Figure 4-18 presents a screen generated by using the program for several signal
preemptions and transitions along Flamingo Rd. from Swenson to Eastern Ave. It can be
seen that the signal preemptions progress through several intersections. Figure 4-19 shows
a zoom-in part of Figure 4-18.
Signal phase log data of April 18 and 19, 2006, May 25 and 30, 2006, Jun 1,12, and 13,
2006 were used to extract the information on signal transition. In total, there are 13,123
preemptions in these seven days. The program can find transition information
automatically for 3,978 preemptions. Among these 3,978 preemptions, 390 preemptions
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need to be double-checked for their transition information. For the remaining 9,145
preemptions, no transition information can be extracted due to the lack of corresponding
phase log data.
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Figure 4-18 A Screen Generated by Using a Developed Program to Show the Progression
of Preemptions over Time
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Figure 4-19 A Close-up of the Screen in Figure 4-18
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SCRL

CHAPTER 5

DATA ANALYSIS
5.1 Analysis of Frequency and Duration of Signal Preemptions
5.1.1 Frequency of Signal Preemption
The frequency of preemption over a day is presented in Figure 5-1. It can be seen from
the figure that there are more preemptions during daytime than nighttime, which is
consistent with our intuitive and human activities.
140
120

Li_

O)

12

3 4 5 6 7 8 9101112131415161718192021222324
Hours

Figure 5-1 Distribution of Hourly Average Frequency - Region Wide

To identify the corridors with high frequency of preemption, the total and average
number (frequency) of preemptions per day were calculated for each corridor. In this study.
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a corridor is referred to any roads which are given a name in GIS file. It have different
characteristics in terms of number of travel lanes, traffic flow, etc. For example. Flamingo
Rd. can be a corridor which runs from east to west across the entire Las Vegas valley,
Swenson St. can also be a corridor even though it is not as wide as Flamingo Rd. In total,
there are 172 corridors in the study area. These corridors were ranked based on the average
number of preemptions per day per signal. Figures 5-2 and 5-3 show the top ten corridors
that run north/south and east/west, respectively. Tables 5-1 and 5-2 list the corresponding
statistics based on which these corridors were ranked. It can be found from the tables that
the top ten corridors running north and south with high emergency preemption frequency
are: (1) Industrial Rd., (2) Nellis Blvd, (3) Lamb Blvd, (4) Las Vegas Blvd, (5) Valley
View Blvd, (6) Paradise Rd., (7) Mojave Rd., (8) Pecos Rd., (9) Arville St., and (10)
Martin L King Blvd. The top ten corridors running east and west with high emergency
frequency are: (1) Vegas Valley Dr., (2) Stewart Ave., (3) Reno Ave., (4) Flamingo Rd.,
(5) Carey Ave., (6) Bonanza Rd., (7) Charleston Blvd, (8) Washington Ave., (9) Twain
Ave., and (10) Desert Inn Rd.
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Figure 5-2 Top Ten North/South Corridors

Table 5-1 Statistics for Top Ten North/South Corridors
N am e

Industrial Rd.
Nellis Blvd
Lamb Blvd
Las Vegas Blvd
Valley View Blvd
Paradise Rd.
Mojave Rd.
1
Pecos Rd.
Arville St
1 Martin L King Blvd

T otal
P reem p tion /D ay
64.8
80.6

45.1
179.6
65.1
36.4

21.0
51.7
17.5
39.9

N o. o f
Signals

13
18
13
55
20
12
7
19
7
16

A verage
F req u en cy/S ign al/D ay
4.99
4.48

3.47
3.27

3.26
3.03
3.00

2.71
2.50
2.49
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Figure 5-3 Top Ten East/West Corridors

Table 5-2 Statistics for Top Ten East/West Corridors
Street Name
Vegas Valley Dr.
Stewart Ave.
Reno Ave.
Flamingo Rd.
Carey Ave.
Bonanza Rd.
Charleston Blvd
Washington Ave
Twain Ave
Desert Inn Rd

Total Preemption
/D a y
25.2
58.6
15.6
170.9
17.4
61.9
142.1
59.2
34.1
65.8

No. of
Signals
4
15
4
44
5
19
49
23
14
27

Average
Frequency / Signal / Day
6.30
3.91
3.90
3.88
3.48
3.26
2.90
2.57
2.44
2.44
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To find the segments with high preemption occurrence in a corridor, a statistical
software “Change-Point Analyzer” was used. In the analysis, the software was run on
preemption frequency data which are listed in the order of the way they are located in a
corridor. As one of the outputs from the software, contiguous road segments that have
similar number of preemption frequency are provided. To demonstrate the result of this
method, the corridor Flamingo Rd., which is one of the high preemption occurrence
corridors, was analyzed. The result shown in Figure 5-4 indicates that the road from Audrie
St. to Tamarus St. (corresponding to the road from 25 to 32 in Figure 5-4) had a higher
number of preemptions on average in a day. The distribution of preemption occurrences on
Flamingo Rd. is also displayed on a GIS map in Figure 5-5. The identified high preemption
roadway segment is marked by a red frame in the figure.
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Figure 5-4 High Preemption Frequency Section on Flamingo Rd.
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Figure 5-5 Distribution of Preemption Frequency per Day on Flamingo Rd.

5.1.2 Duration of Signal Preemption
The duration of signal preemption was analyzed by looking at its hourly distribution in
a day and its joint distribution with the frequency of preemption. From the joint
distribution with preemption frequency, the outliers of duration can be found and thus the
sources contributing to the outliers can be identified.
The distribution of preemption duration by hour in a day is plotted in Figure 5-6. It can
be seen that the average duration per preemption doesn’t fluctuate significantly over a day.
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Figure 5-6 Distribution of Duration/Preemption - Region Wide

Figure 5-7 shows the distribution of preemption duration versus the frequency of
preemption. It can be seen that, on average, most of the duration was less than 100 seconds
(about one traffic signal cycle) and happened less than 15 times a day at an intersection
(Area 1). It can be found that there are cases where emergencies occurred less frequently
with extremely long duration (Area 2), occurred frequently with significantly long duration
(Area 3), or happened frequently with less than 100 second duration (Area 4). The cases in
Areas 1 and 4 seem reasonable to happen intuitively. In certain areas (e.g., residential area),
emergency events may not happen frequently, and the preemption may be very short. In
other areas (e.g., commercial area), emergency events may happen more frequently and the
preemption may also be short. It appears that the cases in Areas 3 and 4 are worthwhile to
be clarified. Thus, the signal preemption event log data were examined closely for the
following three cases: (1) signals at highway railroad at-grade crossings, (2) signals near
fire stations, and (3) signal event data missing.
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Figure 5-7 Distribution of Duration vs. Frequency

For signals at highway railroad at-grade crossings, the frequency of emergencies could
be very small, but the durations could be very long, which is the case represented by Area 2
in Figure 5-7. There are several highway-railroad at-grade crossings in the Las Vegas area.
The crossings happen on a daily basis. It was found that their signal preemptions by trains
were also included in the signal event log. These railroad preemptions are out of the scope
of this study, and thus were identified and removed from the analysis. Figure 5-8 show a
highway-railroad crossing on W yoming Ave. Two signals are located on the intersections
of Wyoming Ave. with two roads next to the railroad. Figure 5-9 displays the distribution
of preemption frequency and duration for Signal 3228 located at the intersection of
Wyoming Ave. with Western Ave. (see Figure 5-8). It can be seen that the frequencies are
less than five a day and the durations could be very long.
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Figure 5-9 Preemption Duration Distribution of Signal 3228
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3 .0

In the case of signals near fire stations, some preemption durations may be very long. It
may happen when a preemption was not turned off by emergency personnel in the nearby
fire stations accidentally. This situation would result in the case in Area 2 in Figure 5-7. To
verify this case, Signal 3138 at the intersection of West Cheyenne Ave. at Buffalo Dr. (see
Figure 5-10) was examined. It was found that there was one preemption that lasted for
1,903 seconds (about 30 minutes), much longer than others. The same cases were found for
other three signals near fire stations.
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The case in Area 3 in Figure 5-7 may result from missing signal event data. In this
study, signal preemption duration was derived by searching for a
"Stop_Reporting_Preempt" event immediately after a “Reporting_Preempt” event in the
event logs. If there are some "Stop_Reporting_Preempt" event data missing in the logs, the
"Stop_Reporting_Preempt" event found for the “Reporting_Preempt” may not be the
actual pair. In this case, the derived durations would be very long. These durations are
viewed as outliers. They are identified and removed for the further analysis.

5.2 Hypothesis Analysis of Vehicle Speeds in Preemption
5.2.1 F-Test on Variance of Speeds in Preemption and Normal Conditions
Testing the variance of speeds in the normal and preemption conditions are important
because it has been recognized that the speeds with large variance may tend to cause more
accidents than those with small variance. It is particularly important to this study on
preemption since, intuitively, vehicles may speed up if they trail emergency vehicles, and
they have to slow down to give way to emergency vehicles. To test whether signal
preemptions have any impact on the variance of speeds, an F-test can be conducted to see
whether the variances of the speeds under preemption and normal conditions are equal.
The null hypothesis is that there is no significant difference between the variances of
speeds under preemption and normal conditions. The alternative hypothesis is that the
variance under preemption is greater than that under normal conditions. The speeds in the
normal conditions are viewed as Population 1, and the speeds in the preemptions are
viewed as Population 2. The significance level a is chosen as 0.05. Table 5-3 lists F-test
statistic, P-value, the critical value for one-tail test, and the test results based on these
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values. The “duration,” “ 1 minute,” “2 minutes,” “3 minutes,” and “6 minutes” in the table
indicate that whether a “buffer” is considered for a paratransit vehicle and how long the
“buffer” is assumed. The “ 1,” “2,” and “3” following the “duration” and “minute(s)”
indicate the directions of paratransit vehicles, “same,” “opposite,” and “crossing,”
respectively, relatively to an emergency vehicle.

Table 5-3 Results of F-Tests for Variance of Speeds
1

Im pact
Range / Code

F -Value

Duration / /

F-Test
P-Value F Critical one-tail value

Test Result

0.067397

•^ (1- 0 .0 5 , 27 , 2 7 )

= 0.518346

Same variance

Duration / 2

0.37(2697

0.097944

■^(1- 0 .0 5 , 2 6 ,2 6 )

=0.511392

Same variance

D u ra tio n /a

0.379633

0.768874

•^ (1- 0 .0 5 ,14,14)

= 0 .3 8 8 0 5 9

Same variance

1 minute / 7

0.422433

0.000396

•^ (1- 0 .0 5 ,6 4 ,6 4 )

= 0 .6 5 8 6 2 0

Variance in preem ption greater

1 minute / 2

0.43480&

0.000820

•^ (1- 0 .0 5 ,6 7 ,6 7 )

= 0 .6 6 5 0 6 7

Variance in preem ption greater

7 minute / 3

0.373&77

0.000344

•^ (1- 0 .0 5 ,3 5, 35)

=0-564313

Variance in preem ption greater

2 minutes / 1

0.497332

5.01E -05

^ (1- 0 .0 5 ,124,124)

= 0 .7 4 2 4 7 0

Variance in preem ption greater

2 minutes / 2

0.492040

1.3IE -05

^ ( 1- 0 .0 5 ,145, 145)

= 0.759534

Variance in preem ption greater

2 minutes / 3

0.387743

0.072398

•^ (1- 0 .0 5 ,71,71)

= 0 .6 7 3 0 8 8

Variance in preem ption greater

3 minutes / 1

0.477873

6.28E-09

^ ( 1- 0 .0 5 ,177,177)

= 0 .7 7 9 8 5 9

Variance in preem ption greater

3 minutes / 2

0.333933

6.37E-06

•^ (1- 0 .0 5 ,22 3 , 223)

=0-801505

Variance in preem ption greater

3 minutes / 3

0.555651

0.000782

^ ( 1- 0 .0 5 ,119,119)

=0.737812

Variance in preem ption greater

6 minutes / 1

0.330878

0

•^ (1- 0 .0 5 ,35 8 ,3 5 8)

=0-840215

Variance in preem ption greater

6 minutes / 2

0.467398

2 .IIE -1 5

•^ (1- 0 .0 5 ,4 2 4 , 4 2 4 )

=0-852032

Variance in preem ption greater

6 minutes / 3

0.696467

0.004273

•^ (1- 0 .0 5 ,21 4 , 21 4 )

797789

Variance in preem ption greater

It can be seen from the table that, with the only exceptions of situation where no buffer
is considered, the null hypotheses are rejected for all the other situations. If the significant
level a is chosen as 0.1, the situation “Duration /3” (traffic on crossing streets and no
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buffer is considered) is the only exception. The F-tests show that the Variances of average
speeds under normal conditions are smaller than those under preemption conditions.

5.2.2 T-test on Means of Speeds in the Preemption and Normal Conditions
T-test is designed to test whether the averages of the speeds in the preemption and
normal conditions are equal. The null hypothesis is that there is no significant difference
between their averages, and the alternative hypothesis is the averages of the speeds in two
conditions are significant different. The speeds in normal conditions are viewed as
Population 1, and the speeds with preemption are viewed as Population 2. The significance
level a is chosen as 0.05. Table 5-4 lists the t-value, one-tail P-value, critical one-tail t
value, and test results. The scenarios for the t-test are the same with those of F-test.

Table 5-4 Results of t-tests for Means of Speeds
t-test
Impact Range /
Code

t-Value

P-Value
one-tail

lOuration / 1
Duration / 2*
Duration / 3 *
1 minutes / 1
1 minutes / 2
1 minutes / 3
2 minutes / 1
2 minutes / 2
2 minutes / 3
3 minutes / 1
3 minutes / 2
3 minutes / 3
6 minutes / 1
6 minutes / 2
6 minutes / 3

2.07253
0.00717
0.18181
2.490889
1.161826
0.259004
2.670599
1.546831
0.777717
3.061471
1.379447
1.735519
2.585355
0.829178
2.42702

0.021595
0.497154
0.428571
0.007132
0.123846
0.398318
0.004069
0.061565
0.219069
0.001201
0.084254
0.042031
0.004985
0.203635
0.007825

T Critical
one-tail
value
1.674689
1.675905
1.705618
1.659085
1.658096
1.674116
1.651809
1.650781
1.656569
1.649932
1.648509
1.651873
1.647476
1.646902
1.648551

Test Result
Speed in normal is greater
Speed the same
Speed the same
Speed in normal is greater
Speed the same
Speed the same
Speed in normal is greater
Speed the same
Speed the same
Speed in normal is greater
Speed the same
Speed in normal is greater
Speed in normal is greater)
Speed the same
Speed in normal is greater

(*t-test for two samples assuming equal variance is performed for Duration Range)
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From the t-test results, it can be seen that generally the means of speeds of general
traffic in the same direction of emergency vehicles are statistically lower than those in
normal conditions; the means of speeds of general traffic in the opposite direction are
statistically equal with those in normal conditions; the means of speeds of general traffic on
crossing streets are statistically equal with those in normal conditions when smaller buffers
are used. For larger buffer which results in more samples, the speed in preemption on
crossing streets are lowered.
It can be summarized based on the F-test that signal preemption creates turbulence in
traffic, which causes the increase of variance in speed. Based on the t-tests, emergency
vehicles slow down the traffic in the same direction of emergency vehicles. It may be
because the general traffic is required to pull-over to yield them. They do not impact the
traffic in opposite direction significantly. It is not certain whether the traffic on crossing
streets is slowed down. Part of the reasons may be that, in some cases, green lights are
given to it immediately after preemptions. Therefore, the traffic on crossing streets may not
be impacted significantly. But it may be impacted more during the transition period.

5.3 Regression Analysis of Vehicle Speeds in Preemptions
5.3.1 Selection of Independent Variables
In the regression analysis, the following factors are considered: (1) speed in normal
conditions, (2) standard deviation of speeds in normal conditions. (3) duration of signal
preemption, (4) the direction of regular traffic versus the direction of preemption vehicle,
(5) peak period, and (6 ) roadway classification for streets. Intuitively, the speeds in the
preemption conditions are directly related to the speeds in normal conditions. For example.
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the speed of traffic in preemption may not be significantly influenced if an emergency
vehicle is running on a street of major arterial in non-peak period since there may be more
capacity on arterials to accommodate such special events. The influence on the speed could
be significant if a emergency vehicle is running on other roads with less capacity. The
standard deviation of the speeds in normal condition is also considered in the regression
model because the higher the standard deviation, the more likely the speeds in preemption
are different from the speeds in normal conditions. The duration of signal preemption is
considered because more traffic would be caught in the traffic turbulence caused by
emergency preemption if the duration of preemption is very long. Which direction regular
traffic is traveling on versus an emergency vehicle may influence the extent of the impact
by the emergence vehicle. When an emergency vehicle arrives at an intersection, the signal
on the crossing streets may be either cut short for green or extended for red. The traffic on
the crossing street is expected to be influenced substantially. In the modeling, two dummy
variables are created to indicate whether regular traffic is in the same as, opposite of, or
crossing the path of an emergency vehicle. A previous study by Nelson et al. (2000) found
that preemptions have more serious impact when traffic flow is in peak periods. Thus,
based on the time period a preemption happened, a dummy variable as an indicator for
peak period is considered into the modeling. Roadway classification for a street where an
emergency vehicle is mnning is considered in the regression model because usually a street
having more lanes can provide more room for general traffic to pull over or facilitate
emergency vehicles to pass through. Most of the samples in this study are Major Arterials
(864 observations) and Minor Arterials (114 observations). Only a few are of other
roadway classifications, such as Collector (9 observations), and Ramp (2 observations).
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Therefore, only the Major Arterials and Minor Arterials are considered in the modeling. A
dummy variable is created to indicate the street classification.
Given the variables considered, a linear regression model can be specified as:
s' =A

+ P ,D ,+ P ,P , + P ,S ,

+A M , +f,

(5.1)

where:
S f = speed in preemption conditions;
S f - corresponding average speed in normal conditions during the same hour as the
preemption occurs;
o^ - standard deviation of speeds in normal condition;
D. = duration of preemption;
p. = dummy variable for time period.

peak period.

=1 indicates that a preemption happened in

=0 , otherwise;

S. = dummy variable to indicate whether the general traffic is running in the same
direction as an emergency vehicle. S^ = 1 implies that the general traffic and the
emergency vehicle run in the same direction, and 5,. = 0 indicates that they do
not run in the same direction;
O. = dummy variable to denote whether the general traffic is running in the opposite
direction of an emergency vehicle. O, = 1 indicates that they run in the opposite
direction each other. O. =0 implies that they don’t run in the opposite direction.
When the general traffic is on a crossing street, S. = 0 and O. = 0;
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M l = dummy variable to denote whether an emergency vehicle is running on a street
of Major Arterial or M inor Arterial; M. = 1 indicates the street an emergency
vehicle is running on a street of major arterial; Otherwise, M,. = 0 ;
, j3^, y^3 ,

and

= coefficients for the independent variable; and

= intercept;
In this study, 978 observations for speeds both in normal and preemption conditions are
made available for the regression analysis. The correlation coefficients between these
independent variables are listed in Table 5-5. It can be seen from the table that most of the
variables are weakly correlated. Only these two direction indicators are relatively highly
correlated. It is reasonable because they are mutually exclusive in nature.

Table 5-5 Correlation Coefficients between Independent Variables

Normal
Speed
Normal
Speed
Normal
Speed STD
Preemption
Duration
Peak Hour
Same
Direction
Opposite
Direction
1Major
Arterial

Normal
Speed
STD

Preemption
Duration

Peak
Hour

Opposite Major
Same
Direction Direction Arterial

1

0.2398

1

-0.0367

0.0243

1

-0.1595

-0.0381

0 .0648

1

0 .0 2

-0 .0 012

-0.0361

-0.0822

1

0 .0 3 9 6

0 .0 0 32

-0 .0 0 6 2

0 .0118

-0.6661

1

0 .0 9 7 9

0 .0 7 0 4

-0.0319

0 .0153

0.0564

-0.0273
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5.3.2 Model development
Since the speeds in preemptions could be greater or smaller than the speeds in normal
conditions, two regression models are considered, each for these two situations separately.
The reason for considering two models is that the factors that influencing speeds in these
two situations may be different. By identifying these factors separately, the understanding
of the impact could be clearer. Mathematically, these two models can be written as;
Model 1;
for^ ;< ^ ,''

(5.2-1)

ioxSf>Sf

(5.2-2)

Model 2:
S‘’.=q^+cCiS^+apj5-afi.+aJPj+a^Sj5-oip.+aiM jV£., ;=1,---,M

where M and A denote the number of observations used to estimate these two models,
respectively.

, . . . , and

are the coefficients for the variables in Model 1, while

« 0 , 0 , , . . . , and «7 represent the coefficients for the variables in Model 2.
Which of the two models expressed in Equations (5.1) and (5.2) is better statistically
can be tested by using the Chow-Fischer test. The null hypothesis of the test is:
H'o : «0 = ^ 0 , o , = yg,, «2 = yg; , ,

and «7 = ^7

Under the null hypothesis, the correct model is Equation (5.1) which can be estimated
using the pool of the M and N observations. Thus, Equation (5.1) can be written as:
Model 3:
- A + P P i' +

+A

A + +A-^, + A A + A ^ i

+n

(5.3)

The alternative hypothesis is that the two equations (5.2-1) and (5.2-2) are the correct
model. The statistic for the Chow-Fischer test is given by:
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+ E ^ 5(2))/(N + M - 2 t )

where

(5 .4 )

k,N+M-2k

, ESS^2 ) , and ESS^.^^ represent the error sum of squares for these three models

respectively, k is the number of coefficients to be estimated in the single model (Model 3)
and is viewed as a degree of freedom, and M + N - 2 k represents the degrees o f freedom
for the two separate models.
Among the 978 observations made available in this study, 563 of them are less than
normal speeds, and 415 are greater. The results for the model in Equation (5.3) are listed in
Table 5-6, and those for the model in Equations (5.2-1) and (5.2-2) are listed in Tables 5-7
and 5-8, respectively. The statistic F is calculated as 118.525, which is larger than

A ,962 ~ 1.948 when the significant level is chosen as 0.05. Thus, the null hypothesis is
rejected which implies that a different model should be used depending on whether the
speed in emergency conditions is smaller or greater than the speed in normal conditions.

Table 5-6 Results for One Single Model

Intercept
Normal Speed
Normal Speed STD
Preemption Duration
Peak Hour Indicator
Same Direction
Opposite Direction
Major Arterial
F Value
Probability > F
R Square
Adjusted R Square
Standard Error
Observations

Coefficients
10.64997
0.405338
-0.0549
-0.03129
-0.94408
0.262592
1.664891
2.29722

t Stat
Standard Error
6.906674
1.541983
0.047488
8.535537
0.067039
-0.8189
-1.52443
0.020526
-1.50981
0.625296
0.343209
0.765109
0.741311
2.245875
0.871546
2.635798
14.8237
1.88E-18
0.096637
0.090118
8.68851
978

73

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

P-value
8.97E-12
5.32E-17
0.413047
0.127727
0.131416
0.731516
0.024936
0.008528

In Table 5-6, the F Value is calculated by Equation 5.5, which is the F-test statistics of
the regression model.
F =

/ (^-1)
Egg / ( M - t)

(5.5)

where: RSS = Regression Sum of Square; ESS = Error Sum of Square; n = sample size; and
k = number of the coefficients.
The F values in the following regression result tables are also calculated using Formula
5.5.

Table 5-7 Results for Model 1 (Speeds in Preemption are Lower)

Intercept
Normal Speed
Normal Speed STD
Preemption Duration
Peak Hour Indicator
Same Direction
Opposite Direction
Major Arterial
F Value
Probability > F
R Square
Adjusted R Square
Standard Error
Observations

Coefficients
2.619378
0.589599
-0.1108
-0.00038
-0.33472
0.31145
1.235348
0.399271

Standard Error
t Stat
1.199518
2.183692
0.037067
15.90623
0.048138
-2.30179
0.015442
-0.02472
0.488288
-0.6855
0.586753
0.530802
0.582181
2.12193
0.642695
0.621246
38.84752
2.17E-44
0.328845
0.32038
5.059186
563

P-value
0.029403
3.26E-47
0.021717
0.980285
0.493312
0.595768
0.034286
0.534693
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Table 5-8 Results for Model 2 (Speeds in Preemption are Higher)

Intercept
Normal Speed
Normal Speed STD
1Preemption Duration
Peak Hour Indicator
Same Direction
Opposite Direction
Major Arterial
F Value
Probability > F
R Square
Adjusted R Square
Standard Error
Observations

Coefficients
8.367688
0.831819
0.071588
-0.05227
-1.47939
1.976099
1.468525
2.002511

Standard Error
t Stat
2.077806
4.027175
0.067142
12.38894
0.098876
0.724017
-1.87242
0.027916
0.814034
-1.81735
1.022304
1.932985
1.532935
0.957982
1.61936
1.236606
28.98593
2.12E-32
0.332679
0.321202
7.463565
415

P-value
6.73E-05
3.93E-30
0.469471
0.061866
0.069898
0.053931
0.126069
0.106144

From Tables 5-7 and 5-8, it can be seen that some of the variables are not significant.
These models are fine-tuned through backward elimination variable selection method.
Tables 5-9 and 5-10 show the results after the application of backward elimination method.
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Table 5-9 Results after Backward Elimination for Model 1
(Speeds in Preemption are Lower)
p
p
p
p

= 0.980
= 0.594
= 0.513
= 0.484

>=
>=
>=
>=

0.100
0.100
0.100
0.100

Intercept
Normal Speed
Normal Speed STD
Opposite Direction
F Value
Probability > F
R Square
Adjusted R Square
Standard Error
Observations

Coefficients
2.953636
0.59527
-0.1102
0.981861

Removing “Preemption Duration”
Removing “Same Direction”
Removing “Major Arterial”
Removing “Peak Hour Indicator”
Standard Error
t Stat
0.91487
3.228476
0.036455
16.32879
0.047924
-2.29943
0.432676
2.269277
90.69826
7.85E-48
0.327393
0.323784
5.046502

P-value
0.001317
2.7E-49
0.021848
0.023632

563

Table 5-10 Results after Backward Elimination for Model 2
(Speeds in Preemption are Higher)
p = 0.469 >= 0.100
p = 0.131 >= 0.100
p = 0.221 >= 0.100
Intercept
Normal Speed
Preemption Duration
Peak Hour Indicator
Major Arterial
F Value
Probability > F
R Square
Adjusted R Square
Standard Error
Observations

Coefficients
9.916113
0.842651
-0.05559
-1.63062
2.150529

Removing “Normal Speed STD”
Removing “Opposite Direction”
Removing “Same Direction”
t Stat
Standard Error
5.127872
1.933768
0.065595
12.84634
0.027851
-1.99596
0.811141
-2.01028
1.233181
1.743887
49.4 8588
5.75E-34
0.325595
0.319016
7.475574
415

76

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

P-value
4.53E-07
5.6E-32
0.046599
0.045056
0.081928

From Table 5-9, it can be seen that the coefficients for the variables representing speed
in normal conditions, standard deviation of normal speeds, and opposite direction are
significantly different from zero. This result indicates that the speeds of general traffic in
preemption conditions would be relatively high when the speeds in the normal condition
are high, even they are still smaller than the speeds in the normal conditions. However, the
speeds of traffic in preemption (regardless of the relative location with respect to an
emergency vehicle) would be relative lower if the standard deviation of speeds in normal
condition is large, which means the speeds in preemption are likely to be lower on those
streets having unstable speeds. The positive coefficient of the variable Opposite Direction
indicates that the speeds of opposite traffic are relatively high (not higher than the speeds in
normal conditions). This result shows that the impact of emergency vehicle on the
opposing traffic is relative less. These findings seem consistent with our field observations
and intuitive.
The results in Table 5-10 indicate that the coefficients for the variables representing the
speeds in normal conditions, peak period, preemption duration, and major arterial are
significant. The coefficients for the speeds in the normal conditions and major arterial are
positive, while those for peak period, preemption duration are negative. The positive
coefficient for the speed in the normal conditions implies that the speeds of traffic in
preemptions are relatively high when the speeds on a street link in normal condition are
high. The positive coefficient for major arterial shows that the speeds of general traffic in
preemption are relative higher when preemptions are on major arterials. The negative
coefficient for the peak period indicates that the speeds in preemption are relatively low
(but still higher than the speeds in normal conditions) when preemptions happened in peak
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periods. The negative coefficient for preemption duration shows that the speeds of general
traffic in preemption are relative low when the duration of preemptions are long. Also,
these findings seem reasonable with our observations.
Since the regression models show that speed in normal condition, peak period,
preemption duration, major arterial are significant factors, preemptions are recommended
to be implemented on high speed roadways, which are typically major arterials. Also, it
would be better to use preemption during non-peak periods, which would improve traffic
conditions. Also, it is recommended to trigger preemptions with caution making sure the
preemption durations are kept to a minimum.

5.4 Analysis of Signal Preemption Transition
5.4.1 Profile of Preemption Transitions
Preemption transitions can be characterized by the duration of transition, the number
cycles during transition, and the average length of the cycles in transition. From Table 5-11
it can be seen that transitions usually last 195.95 seconds, which is longer than a cycle
length in normal conditions. There could be no complete cycle during a transition, while
there could also be more than one complete cycle during a transition. Table 5-12 indicates
that about 28% of the transitions do not contain a complete cycle. The percentage of
transitions having one to four complete signal cycles decreases. It is found that the cycles
in a transition could be all short, all long, or mixed with short and long cycles, if there is at
least one complete cycle during a transition. Table 5-12 shows that among those transitions
having at least one cycle, more than half of them resulting in short cycles, about one third
of them choosing long cycles. Only 9% of them have a mix of long and short cycles.
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Table 5-11 Descriptive Statistics of Transitions
T ran sition D u ration
A verage

(s)
195.95

S tandard

118.42

N u m b er o f C ycles
D u rin g T ransition

P reem p ted C ycles

1.19

1.18

0.99

0.39

Table 5-12 Transition Distribution in Terms of Length versus Number of Transition Cycles
N u m b er o f C ycles D u rin g
T ran sition
C h aracteristi
cs

0

1

2

3

4

Total

20

715
1,103

2

587

0

715

Short

-

L on g
B oth

-

575
382

-

-

74

104
18
61

Total

715

957

663

183

34
56

% o f T otal

28

37

26

7

2

404
185

% of
T otal

% of
H a v in g A t
L east O ne
C ycle

28

169

43
23
7

59
32
9

2574

100

100

Ideally, it would be the best if a transition strategy associated with a transition can be
identified from the data available to this study. If so, the transitions can be broken down in
terms of transition strategies. The statistics can then be derived for the cycle length in
transition according to the transition strategies. If it is assumed that a long cycle would
likely result in a short delay, the best transition strategies resulting short delay can be
identified based on cycle length. Unfortunately, it was hard in this study to identify
transition strategies associated with each transition due to the limitation of data available.
One reason is that some critical parameters needed to identify transition strategies are not
known. These unknown parameters include the maximum limit for the Max Dwell
algorithm, the maximum lengthening percentage for the Add algorithm, and the maximum
dwell period for the Dwell strategy. Another reason is that the Shortway transition strategy

79

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

I

can use either Add strategy or Subtract strategy based on whichever reaches the
coordination phase first. Based only on the signal phase data, it is hard to tell which of two
strategies is actually employed. Thus, the investigation of the impact of signal preemption
transition was based on identifying the characteristics of transition that influence speed in
preemption.
5.4.2 Regression Analysis of Preemption Signal Transition
To identify the characteristics of preemption transition that significantly influence the
speed of traffic, a linear regression model similar to the one in Equation (5.1) was
calibrated:

+A5," +A<7, + A A + P .f’,+ P ,S ,+ P tO , + A ,M , + fi,T ,+ fi,N , + e, (5.5)
where: 7j. and A, are two additional variables for representing transition characteristics
comparing with the linear model in Equation (5.1). 7j. denotes the average cycle length in
transition. It is calculated as the total transition duration divided by the number of cycles in
a transition. When there is no complete cycle in a transition, the total transition duration is
used. A, is the number of cycles in a transition. S f , 5/^, tr,, Z),, Z’ ,

, (9,, and M ,

represent speed in preemption conditions, the average speed in normal conditions in the
corresponding time period, standard deviation of normal speeds, duration of preemption,
dummy variable for time period, dummy variable for general traffic traveling in the same
direction as an emergency vehicle, and dummy variable for general traffic traveling in the
opposite direction, and dummy variable for the major arterial, respectively. This model
was calibrated based on the set of data which have transition information. The sample size
is 294.
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The correlation coefficients between independent variables are listed in Table 5-13. It
can be seen from the table that there are no strong correlations between these independent
variables.

Table 5-13 Correlation Coefficients between Independent Variables

il IP t!

III
£

Dh

Normal
Speed
Normal
Speed
STD
Preemptio
n Duration
Peak Hour
Indicator
Same
Direction
Opposite
Direction
Major
Arterial
Avg
Transition
Cycle
Length
#of
Transition
1 Cycles

if II t|
0 0
0, p

Q

0

s

c
. -2 <D

Ip ■
*bII
16H

H

1

0.1509

1

0.0202

0.0068

1

-0.1405

0.031

0.1374

1

-0.0976

0.0625

-0.171

0.0362

1

0.1187

-0.0525

0.0826

0.0332

-0.628

1

0.0221

0.1011

0.0881

0.1256

0.0647

0.0129

1

-0.1142

0.1122

0.09

-0.0451

-0.0443

0.0214

0.1337

1

0.0498

0.0222

0.1723

0.0734

-0.062

0.0621

0.0795

0.1784

1

Chow-Fischer test was also performed to test whether only one or two regression
models should be developed. The results for the model in Equation (5.5) are listed in Table
5-14, and those for the two models are listed in Tables 5-15 and 5-16, respectively. The
statistic F is 37.622, which is larger than Fjq 274 ~ 1.865 when the significant level is chosen
as 0.05. Therefore, two models have to be developed, each for a different case.
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In Tables 5-15 and 5-16, it is indicated that neither of the two variables representing the
characteristics of transitions (average cycle length and the number of cycles in transition) is
significant at the level of 0 . 1 .

Table 5-14 Results of Regression for One Single Model

Intercept
Normal Speed
Normal Speed STD
Preemption Duration
Peak Hour Indicator
Same Direction
Opposite Direction
M ajor Arterial
Avg Transition Cycle Length
# of Transition Cycles
F Value
Probability > F
R Square
Adjusted R Square
Standard Error
Observations

Coefficients
10.62549
0.478308
-0.04134
-0.00304
0.35893
-0.76867
0.400058
1.357518
-0.00606
-0.38389

Standard Error
t Stat
3.784107
2.807925
5.242401
0.091238
-0.32461
0.127358
-0.07826
0.038892
0.999503
0.359109
-0.59906
1.283119
0.336117
1.190235
1.553291
0.873963
0.007301
-0.82946
-0.78024
0.492016
3.869974
0.000121

0.109243
0.081014
7.824932
294
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P-value
0.000188
3.1E-07
0.745719
0.937677
0.719781
0.549609
0.737031
0.382877
0.407543
0.435902

Table 5-15 Regression Results for Model 1 (Speeds in Preemption are Lower)

Intercept
Normal Speed
Normal Speed STD
Preemption Duration
Peak Hour Indicator
Same Direction
Opposite Direction
Major Arterial
Avg Transition Cycle Length
# of Transition Cycles
F Value
Probability > F
R Square
Adjusted R Square
Standard Error
Observations

Coefficients
3.758715
0.596834
0.001345
0.016453
0.159117
-0.42591
0.245211
0.13465
-0.00802
-0.43737

t Stat
Standard Error
1.511181
2.487269
0.078569
7.596318
0.10921
0.012313
0.487686
0.033736
0.185306
0.858675
1.120797
-0.38001
0.234214
1.046956
1.221095
0.11027
0.006253
-1.28197
0.393465
-1.11157
7.728156
2.32E-09
0.308368
0.268466
5.007386
166

P-value
0.132765
2.63E-12
0.990192
0.626457
0.85323
0.704457
0.815126
0.912337
0.201755
0.268031

Table 5-16 Regression Results for Model 2 (Speeds in Preemption are Higher)

Intercept
Normal Speed
Normal Speed STD
Preemption Duration
Peak Hour Indicator
Same Direction
Opposite Direction
Major Arterial
Avg Transition Cycle Length
# of Transition Cycles
F Value
Probability > F
R Square
Adjusted R Square
Standard Error
Observations

Coefficients
6.958859
0.928667
-0.09506
-0.04142
0.48363
-0.3396
1.949704
-0.56742
0.011756
0.151213

Standard Error
T S tat
3.101112
2.243988
0.102024
9.102414
0.145121
-0.65501
0.043956
-0.94228
1.053185
0.459207
1.318284
-0.2576
1.25497
1.553586
1.906457
-0.29763
1.404888
0.008368
0.254641
0.593829
11.0264 7
2.46E-12
0.456817
0.415388
5.380592
128
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P-value
0.026698
2.65E-15
0.513734
0.347973
0.64693
0.797161
0.122961
0.76651
0.162682
0.799444

CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS
6.1

Conclusions and Recommendations

This study evaluates the impacts of emergency vehicle signal preemption on traffic
operations and analyzes the signal transition for preemption in the Las Vegas area of
Southern Nevada. The evaluation of the impacts of preemption on traffic conditions was
focused on the comparison o f the speeds in preemptions with those in nonnal conditions.
Hypothesis tests were performed on the variance of speeds in preemption versus those in
normal conditions. The results o f F-test showed that the variance in preemptions was
significantly larger than that in normal conditions, which verifies the turbulence
emergency usually causes on regular traffic. Such increase in speed variance would have
significant impact on traffic safety on the road. A hypothesis test was also conducted on the
means o f speeds in preemptions and those in the normal condition. The results indicate that
emergency vehicle makes the traffic running in the same direction slow down; it does not
influence the traffic in the opposite direction significantly; it is not clear whether the traffic
on crossing streets is slowed down due to preemption.
In addition to the hypothesis tests, the speeds in preemption were further analyzed
based on developing regression models, trying to identify the factors that influence the
speeds in preemption. Chow-Fischer test revealed that separate models should be used for
the speeds when they are either higher or lower than the average speeds in normal
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conditions. From the model for the speeds lower than those in normal conditions, it can be
seen that vehicles in preemption would run at relatively higher speeds when the speeds in
normal conditions are high. The speeds in preemption are likely to be lower on the streets
that have unstable speeds. When the speeds o f traffic in preemption higher than those in
normal conditions are modeled, it was found that the vehicles in preemption would run at
relatively high speed when the speeds in normal conditions are high. The speeds are
relatively lower (but still higher than the average) when preemptions occur during peak
periods. The speeds are relatively lower when preemptions last longer. These observations
suggest that preemptions are recommended to be applied on the roads where vehicles run at
relatively high speed in normal conditions. Intuitively, these types of roads are major
arterials, not local road. It can also be recommended that preemptions be limited during
peak periods. Measures should be taken to keep preemption durations to minimum.
Signal transitions are investigated first by analyzing their characteristics including
average transition duration, number o f cycles in transition, average cycle length in
transition, and number o f short or long cycles in transition. It is found that 28% transitions
do not have complete signal cycle at all. Most o f transitions involve small number o f
cycles. The transitions are further analyzed by conducting regression analysis for
identifying the characteristics o f transition that influence the speed o f general traffic. The
result shows that none o f the characteristics o f signal transition influence the speed of
general traffic in preemption significantly. If transition strategies are recorded in the signal
event log in the future, or critical parameters to identify the transition strategy are available
for the future study, transition strategy could be incorporated into linear regression models,
from which the strategies having minimum impact on traffic can be detenuined.
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6.2

Discussion on the data issues

Some assumptions made in this study may not be accurate, because the derived data
may contain some uncertainty. For example, the speeds data o f paratransit vehicles were
derived by assuming that they always took the shortest path for their journey, which may
not be the case in reality. Using the shortest path is also assumed for emergency vehicles
when their routes were derived based on the signal event and signal phase data.
The current signal event log only records when a signal preemption occurs, but not
which vehicle triggered the preemption. If the identity o f the emergency vehicles (fire
truck, police vehicle, etc.) triggering a preemption is also known, the route each emergency
vehicle traveled can be derived accurately. Then, the direction from which an emergency
vehicle comes from can be clearly determined. The results on the preemptions influencing
traffic traveling on different directions o f emergency vehicles could be improved. In
addition, more in formation on emergency vehicles such as the response time o f emergency
vehicles can be made available. With this additional infonnation, the tradeoff between the
emergency response time and traffic disruption can be quantified. At last, it could also help
prevent abusing the preemption system in the network.
Several preemptions have been found extremely long, which have been identified
based on the signal event data. Some o f them are assumed to happen when firemen forgot
turning off signal preemptions. If some method like interlocking system is installed, such
misleading data may not exist in the database any more, which may help the data collection
and analysis in this study.
The speed data collected in this study were derived using the GPS data o f paratransit
vehicles. It was found that the GPS data only contained time-stamped longitudinal and
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latitudinal data. Actually, some GPS systems can also provide speed data for each recorded
geographic location. It is also noticed that the time intervals between two consecutive GPS
data points vary from two seconds to two minutes, which increase the possibility of
generating errors in deriving the speed data. In addition, if high quality GPS data are
available, the time-space trajectories could be generated for vehicles. In this way, whether
a delay is caused by regular signal control or by signal preemption can be determined,
which is another way to address the impact o f emergency preemptions.
The recommendations above for implementing emergency vehicle signal preemption
and suggestions on data collection are summarized in Table 6-1 below.

Table 6-1 Recommendations and Suggestions
No.
1
2
3
4
5
6

R ecom m endations or Suggestions
Apply preemption on streets with relatively high
speed
Better to use preemption during off-peak periods
Keep preemption duration to minimum
Suggestions
Record emergency vehicle IDs that triggers
preemptions
Apply some devices to prevent unwanted extremely
long preemptions happening
Adopt advanced GPS system

Expected Benefits
Minimize the impact of
signal preemption on
normal traffic
Expected Benefits
Prevent preemption
system from being abused
Minimize unwanted signal
preemptions
Facilitate preemption
impact analysis
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